I -INTRODUCTION
Semi-conductive polyacenic material is of high interest and will become more and more important as it is located in the field between those of polyacetylene and graphite /I/.
Especially, since the polyacenic system consists of aromatic rings, it is expected to be stable against oxygen in the air unlike polyacetylene.
Based on this idea, we have been developing a series of semi-conductive polyacenic material, which exhibits a wide range of electric conductivity, a, in itself without doping according to the condition of the preparation.
The value of a of this material is also increased by an appropriate doping.
In this paper, we report some feature of the pristine samples of the polyacenic semi-conductors we have prepared as well as the results of the doping of the samples with 12 and Na.
I1 -PRISTINE SAElPLES
The samples were prepared by the pyrolysis of molded phenolic resin at 4001.700°C in non-oxidative atmosphere /2,3/.
The reaction is essentially a carbonization process consisting of the dehydration and the dehydrogenation, the degree of which has been controlled by the applied temperatures.
The samples were in the form of small pieces of sheet (ca. 2x3cm or less) with a thickness of 20%50ym.
These are all black solid that is insoluble and infusible, showing a density of l.l'~1.4~/crn~. In Fig. 1 are illustrated the diagram of the sample preparation and possible structure of the samples depending on the molar ratio ( H / c ) , i.e., the degree of the carbonization.
We strongly feel, however, that the actual structure of these are not crystalline but polycrystalline consisting of mixed polyacenic skeletons.
The samples were tentatively classified as A%D depending on the carbonization and the value of a and the results of the elemental analysis of each sample are listed in Table 1 . It is seen that the more carbonized the sample was, the larger value of 0 it showed. All the samples showed no change in a after three months' exposure in the air at room temperature. This oxygen-fast property of the material is encouraging with respect to the practical usage. The assignment of the infrared transmission spectra is listed in Table 2 .
The spectral charts of the samples AQJD are shown in Fig. 2 .
It is seen that the absorption peaks of the phenolic O-H stretching and the CH2 stretching become weakened for the sample with an increased a. This is consistent with that the sample of h i g h e r a had been more carbonized and r e t a i n s l e s s f e a t u r e of t h e p r e c u r s o r , phenoli c r e s i n .
Preliminary ESR s p e c t r a l ' d a t a of t h e samples showed t h e narrowing of t h e peak width with t h e i n c r e a s e of a a s l i s t e d i n Table 3 .
This tendency presumably invokes t h e motional narrowing and/or t h e exchange narrowing occurred i n t h e sample of t h e higher o.
I n t h e sample of a=loO (R-'cm-') no ESR peak was d e t e c t e d , i n d i c a t i n g t h e e x i s t e n c e of very small amount of r a d i c a l e l e c t r o n s . The I 2 doping with r e s p e c t t o a l l t h e samples was attempted i n vapour phase a t room temperature.
The change i n o v e r s u s doping time i s shown i n Fig. 3 .
The chemical composition of t h e f i n a l products described i n t h e c a p t i o n was obtained by t h e e l emental a n a l y s i s .
It i s seen t h a t I/H r a t i o was t h e l a r g e s t f o r t h e sample D. The maximum change i n a by t h e I2 doping was seven o r d e r s of magnitude f o r t h e sample A.
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Fig. 3 -I n c r e a s e i n t h e c o n d u c t i v i t y of t h e samples a s a f u n c t i o n of doping time.
The doping was performed a t t h e room temperature. Table 1 . The i n f r a r e d s p e c t r a a f t e r t h e I 2 doping a r e a l s o shown i n Fig. 2 . The peaks from t h e C-C s t r e t c h i n g s of t h e aromatic r i n g s (around 1600cm-' and 1430cm-I) and from t h e C-H in-plane deformations (around 1250cm-l) were smeared o u t t o form a broad band a f t e r t h e doping f o r samples A and B.
The left-hand-side and t h e right-hand-side drawings correspond t o t h e c a s e s of t h e I p and t h e Na doping, r es p e c t i v e l y . (A)%(D) d e s i g n a t e t h e c l a s s i f i c a t i o n of t h e samples a s defined i n
On t h e o t h e r hand, a group of peaks from t h e C-H out-of-plane deformations ( 8 8~7 5 0 c m -' ) was w e l l r e t a i n e d i n t h e sample A.
The r e s u l t of t h e EPMA ( e l e c t r o n probe X-ray m i c r o a n a l y s i s ) of t h e c r o s s -s e c t i o n of t h e 12-doped sample i s shown i n F i g . 4 along w i t h t h e SCM (scan e l e c t r o n micrograph ) w i t h r e s p e c t t o , e . g . , t h e sample B.
The w h i t e d o t s r e p r e s e n t t h e d i s t r i b u t i o n of i o d i n e i n s i d e t h e sample.
The d e t e c t e d X-ray counts of e . g . , ILal (3.938KeV) a t the inner + and the outer +marks depicted in the SCM picture were 3.43 and 3.39
Kcounts, respectively. Hence, in the present doped sample, the dopant has been uniformly diffused inside the sample. The same tendency was obtained for the samples A, C, and D. IV -Na DOPING The Na doping with respect to all the samples was also attempted preliminarily by the soaking into the THF solution of sodium naphthalide as usual.
A very large increase in 0 of the samples A and B was instantly noted. The change in a versus doping time is shown in Fig. 3 . The chemical composition of the final products by the weight uptake was CsHNao.26 for the sample B.
More sophisticated analyses are in progress.
The maximum change in a by the Na doping was nine orders of magnitude for the sample A.
It is to be noted that the rate of the degradation of the Na-doped samples was remarkably slower than that of the Na-doped polyacetylene 141.
For example, for the Na-doped sample C, 10 hours' exposure in the air resulted in the drawback of 0 with less than two orders of magnitude.
The result of the EPMA of the cross-section of the Na-doped sample is shown in Fig. 5 along with the SCM picture with respect to, e.g., sample B.
The white cloud appeared on the external sides of the cross-section of the sample in the SCM was NaOH, since the sample had been partially handled in the air.
The white dots detected in the EPMA represent the distribution of sodium inside the sample. The detected X-ray counts of NaKcxl (=NaKaz, 1.041KeV) at the inner + and the outer + marks in the SCM picture were 0.45 and 1.49Kcounts, respectively, indicating a fairly uniform diffusion of Na into the inner structure of the sample.
V -CONCLUDING REMARKS
We have studied electric conductivity and some of other properties of the pristine, the 12-doped, and the Na-doped semi-conductive polyacenic material developed.
The result is encouraging with respect to the practical usage of the electric conductive
